In this paper, we directed our attention to the interlaminar defects and their influence on the interlaminar strengths. With the aid of a 8-570 scanning electron microscope, the morphology and distribution of interlaminar defects were inspected and documented.' According to their shape, size and cause of formation, the defects were classified into five types: flakiness void, irregular shaped debond , local imperfectly cured resin, debond in two multi-directional plies, and inhomogeneous fibers and the large scale debond by these fibers. The cause of defects formation was discussed by analyzing the manufacturing process of composites. The influence of defects on the inter laminar strength and its mechanism was analyzed experimentally and theoretically. The results indicate that these defects, with different effects, decrease the interlaminar strength because they form inter laminar cracks, and the interlaminar shear strength is less affected than interlaminar tensile strength, which is measured according to GB4944 test method. To comprehend defects distribution effect, a four-point-bending test method was introduced to measure the inter laminar peel strength, and a discussion was made on the correlation between the interlaminar tensile strength, inter laminar peel strength and in-plane transverse tensile strength. Finally the concept of interlaminar defect coefficient, which can be used to characterize the defects, was set up and the formula to calculate it was proposed.
The multi-directional interlarninar shear strength and interlaminar tensile strength of composite laminates and their correlation with the interlaminar structure have been studied'?". It was shown that the interlaminar tensile strength was affected by some defects obviously. As is well known, composite is made from two or more kinds of materials, therefore various defects, such as voids, will form in the manufacturing process and they have significant influence on many properties of composite'>". Thus it is important to study the characteristics of defects, their affection and the formation mechanism. In this paper we discuss mainly interlaminar defects and their affection on the interlaminar strength. With the aid of scanning electron microscope, the morphology and distribution of interlaminar defects were inspected, and the defects were classified into five types according to their shape, size and cause of formation. The result indicates that these defects, with different effects, decrease the interlaminar strength because of their forming the interlaminar crack. It is also shown that the interlaminar shear strength is less affected by these defects compared to the interlaminar tensile strength when GB4944 test method is adopted. To comprehend defect's distribution effect, a four-poi ntbending test method is introduced to measure the interlaminar peel strength, and a discussion is made on the correlation between the interlaminar peel strength, interlaminar tensile strength and in-plane transverse tensile strength. Finally the concept of interlaminar defect coefficient, which can be used to characterize the defects, is established and the formula to calculate it is proposed.
THE SME OBSERVATION AND ANALYSIS OF INTERLAMINAR DEFECTS
The material investigated is carbon fiber reinforced epoxy (T300/4211) composite with stacking sequences [o./eJ,(e=oo, 5°, 15°, 30°,45°, 60°, 75°, 90°), The SEM samples were taken from interlaminar tensile failed specimens and interlaminar shear failed specimens tested with the compressed shear method and short beam shear method respectively. After being coated with a thin gold layer in vacuum, the fracture surface was examined under a S-570 scanning electron microscope so as to investigate and to document the morphology and distribution state of interlaminar defects.
It was found that many micro-defects were distributed randomly in the interlaminar region, especially in those of specimens with lower strength, as shown in Fig. I , Based on their size, shape and cause of formation, defects can be classified into five types: (I) flakiness void ( Fig. 1-a) ; (II) irregular shaped debond ( Fig. 1 -b) ; (III) local imperfectly cured resin ( Fig. 1-c) I (IV) debond in two multi-directional plies ( Fig. 1  -d) ; (V) inhomogeneous fibers and the large scale debond by these fibers ( Fig. 1 -e, 0. The size of defects (I), (II) and (III) is about 10 I.lm, (VI) and (V) 100 I.lm --2 mm, The number of each kind of defect was different I for the material investigated defects (II) and (IV) were more numerous than others.
Considering the manufacturing process, composite laminates were made through three main programs: fiber impregnation and lamina forming, lay-up, and curing under high temperature and pressure. The interlaminar defects formed mainly in the lay-up and curing process. Defects (I) and (II) were produced when the curing pressure was not high enough or when the prepreg had exceeded its shelf life. Defect (III) might form by prepreg contamination. The defect of inhomogeneous fibers could be introduced with many reasons and of which improper operation in lamina formation and lay-up is one of the main causes during the manufacturing process. Thus how to control the manufacturing process to reduce the interlaminar defects is an urgent problem in composites manufacture. 
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EFFECT OF DEFECTS ON INTERLAMINAR STRENGTH AND ITS MECHANISM
To investigate the relationship between interlaminar defects and the strengths, the interlaminar strength of the specimen for which the SEM observation was made is examined. The results indicate that the interlaminar strength of specimens with the above five types of defect was lower than the average value for the group with the same stacking sequence. Additionally, the decrease in the tensile strength and the shear strengths varied for different test methods. Generally, the interlaminar tensile strength measured with GB4944 method decreased sharply, by about 50 percent. On he other hand, interlaminar shear strength had a mild decrease of only about 20~35 percent, and the strength measured with short beam shear was higher than that with compressed shear. Of five types of defects, the defects (IV) and (V), i, e. , debond in two multi-directional plies and debond by inhomogeneous fibers reduced the interlaminar strength more seriously than other defects.
The interlaminar defects, except when imperfectly cured resin resulted in a weak bonding zone in the interface, were in the form of debonds between plies. These debonds could be taken as a kind of macrocrack or submacrocrack in the interlaminar region, although their size and shape were different. Because these cracks were parallel to the laminae, they would reduce the interlaminar strength significantly. For instance, in interlaminar tension test, the debonding zone not only can not transfer stresses but also will intensify stress concentration in the debond edge leading to matrix cracking or interface fracture, forming the initial delamination. If the energy release rate of this delamination reaches the mode I fracture toughness, the delamination will propagate and result in interlaminar tensile failure at a lower stress. Fig. 2 showed this failure progress obviously, the left side with smooth surface was the debonding zone, the other side with cleavage steps was the delamination propagation zone. The same mechanism occurred in interlaminar shear failure. The degradation of strength depends on defects' shape, size, and the stress state of the specimen. Because the material investigated is a brittle matrix composite, its mode I fracture toughness is the smallest of three modes. Thus the interlaminar tensile strength reduced sharply, and the interlaminar shear strength measured with short beam shear was higher than that of compressed shear", in which the tensile stress existed in interlamina of specimen.
Next the effect of defects' distribution was also considered. Although the defects are distributed randomly in three dimensions, the stress field is not homogeneous in the specimen and depends on the test method. Therefore, the failure probaility of each local position in the specimen is correlated with test method, and so is the extent of strength reduction. In the interlaminar shear test, both short beam shear and compressed shear, only one stress maximum is in the n direction, i. e. , the thickness direction. Hence, in the n direction only one plane possesses the maximum failure probability. In interlaminar tensile test based on GB4944, the stress in the n direction is homogeneous and defect distribution in the directions L, T, and n are all involved. The specimen and its failure mode can be modeled as a Weibull chain which is series in n direction and parallel in Land T direction, the defects in n direction dominate the strength, and the effect is proportional to specimen thickness. Thus if there is no a definite prescribe on the specimen thickness, the interlaminar tensile strength based on GB4944 can characterize nothing of the material properties. On the other hand, the mechanism of interlaminar tensile failure and in-plane transverse tensile failure is the same", but their strength value is different. The reason is that the interlaminar tensile test of GB4944 involves the effect of the defects. If this effect was reduced to its minimum the two strengths would tend to have the same value. To verify this, a four-point-bending test as shown in Fig. 3 reduces the specimen section and the interlaminar tensile stress varies with the z direction, the interlaminar tensile strength measured with this method, which is usually called interlaminar peel strength, is less affected by the defect. This strength and that measured with GB4944 are listed in Table 1 . The interlaminar peel strength was much higher than the interlaminar tensile strength, and close to the in-plane transverse tensile strength of unidirectional composites, which is 33. 9 MPa. As discussed above, interlaminar defects affect the interlaminar strength significantly, How to characterize this effect becomes very important in the manufacture and application. Since the strength based on GB4944 involves the effect of defects distributed in three dimensions, and the mechanism of interlaminar tensile failure and inplane transverse tensile failure is the same, we can define an interlaminar defect coefficient as follows:
where f is the interlaminar defect coefficient, FTI and Z the in-plane transverse tensile strength and interlaminar tensile strength measured with GB4944 respectively. It is obvious that when no interlaminar defect exists f is zero, and when complete debond occurs, f equals 1.
CONCLUSIONS
1) There are five types of interlaminar defect. The inhomogeneous fiber is one of the most serious defects, it usually causes large scale debonding and should be controlled in the manufacturing process. 2) The defects reduce the interlaminar strength by forming cracks and initial delamination. The extent of decrease varies with strength type and test method. For the material used in this work, interlaminar tensile strength decreased much more than interlaminar shear strength. 3) The four-point-bonding test method given in the paper is less affected by the interlaminar defects, and can be used for characterizing the interfacial properties of composites.
